In this study the methods of Hungate were used to quantitate the anaerobic bacteria present in commercially available ground beef, cheddar cheese, and German hand cheese. Of 235 anaerobic roll-tube isolates from ground beef and German hand cheese, all were facultative anaerobes. Of 213 anaerobic roll-tube isolates from cheddar cheese, 91% were facultative anaerobes and 9% were obligate anaerobes. Using results of biochemical tests, 14 of the 17 obligately anaerobic isolates from cheddar cheese were Propionibacterium acnes, two were strains of Propionibacterium that could not be speciated, and one was tentatively identified as a strain of Streptococcus evolutus. Obligate anaerobes were estimated to be present in the cheddar cheese at a level of about 106/g. The possible significance of these levels ofP. acnes in nonsterile foods is discussed.
Several of the recommended methods in major reviews concerning the isolation and enumeration of anaerobes in foods (6, 8, 14) allowed some exposure of microbes to oxygen. Even the methods Claybaugh used in searching for obligate anaerobes in dairy products did not exclude oxygen (4) . Also, methods recommended for the examination of canned foods by the Food and Drug Administration (19) involve exposing food samples to some oxygen.
All these methods are generally satisfactory for the recovery of vegetative cells and spores of aerotolerant anaerobes and are usually, but not always, adequate for enumeration of clostridia in foods. However, methods that allow some exposure to oxygen would not be adequate for the recovery of strictly anaerobic bacteria from foods because these organisms will die if exposed to oxygen (10) . By definition then, anaerobic methods, such as the Hungate roll-tube technique (10) , are necessary to adequately quantitate the obligately anaerobic organisms in the food, including those organisms that may be injured or debilitated (15) . Thus, in this study, roll-tube techniques and habitat-simulating media were used to isolate and characterize anaerobic bacteria present in three foods: ground beef, cheddar cheese, and German hand cheese.
A preliminary report of this work was presented earlier (This paper was taken in part from a thesis submitted by W. M. G. to Clemson University, Clemson, S.C., in partial fulfillment of the requirements for the M.S. degree [1974] .)
MATERIALS AND METHODS Food sample collection and storage. All foods were obtained from local retail outlets. Refrigerated ground beef was purchased over a 3-month period in 454-g plastic tube packages. Refrigerated cheddar cheese was purchased in 1.6-kg wedges, which were freshly cut from large cheese wheels and wrapped in Saran film. Frozen German hand cheese was purchased in 175-g foil-wrapped packages. All samples were refrigerated at 7 C and sampled after 1 or 2 days and 1 month.
Food sample preparation. Core samples of the foods were aseptically transferred and blended in a 500-ml Waring blender jar containing enough prereduced anaerobically sterilized (PRAS) medium to yield a 10-fold dilution. The PRAS dilution medium was of the same composition as that used for culture of the specimen, except that it contained no agar. The apparatus with core sampler inserted was continuously flushed with oxygen-free CO2 (Fig. 1) .
Media composition and preparation. The PRAS media were prepared using methods described by Hungate (10) and were dispensed into 25-by 142-mm roll tubes for enumeration studies and into 16-by 150-mm tubes for stock culture maintenance. Tubes were sealed with butyl rubber stoppers. Screw-cap roll tubes (18 by 142 mm), sealed with butyl rubber septa (1, 12) were used for fermentation studies. All tubes were obtained from Bellco Glass, Inc., Vineland For isolation of aerobic bacteria from foods, media of the same composition as those used for isolation of anaerobes were employed, except that tubes of media were sterilized aerobically with no CO2 gas phase and sodium bicarbonate and L-cysteineHCl-H20 were deleted except in some tests noted below.
Medium inoculation and incubation. Triplicate, tempered-agar medium roll tubes were anaerobically inoculated with anaerobic dilutions of the food sample and solidified. Aerobic spread plates were also prepared in triplicate from the anaerobic dilution series. Roll tubes were incubated 14 days at 30 C, or in some cases at 37 C, before counting. Aerobic plates were incubated at the same temperatures for 5 to 7 days when colony counts were maximal.
Estimation of facultative anaerobe population. Aerobic spread plates with 70 to 80 colonies or less were replica plated by the Lederberg method (11) onto plates of the same medium used for isolation. Transferred colonies capable of growing anaerobically were counted on these plates after incubation for 5 to 7 days in a GasPak anaerobic jar (Baltimore Biological Laboratory, Cockeysville, Md.) equipped with a disposable H2/CO2 generator, palladium catalyst, and a methylene blue strip as an indicator of anaerobiosis.
Selection of anaerobic isolates. Well-isolated colonies from higher dilution roll tubes (10-s to were picked anaerobically (under CO2) with a stainless-steel wire loop into the PRAS broth form of the isolation medium in 16-by 150-mm tubes. These tubes were continuously flushed with CO2, closed with recessed butyl rubber stoppers and incubated at 30 C for 48 to 72 h. A 0.1-ml portion of anaerobic broth stock culture of each isolate, obtained by rolltube methods (9, 10) , was transferred to the aerobic form of the isolation medium using a sterile syringe (12) . Isolates that grew under these aerobic conditions were eliminated from consideration as obligate anaerobes.
Inability of anaerobic isolates to grow aerobically was also confirmed by spread plating 0.2-ml amounts of each anaerobic stock culture on aerobic plates and incubating these for 2 weeks at 30 C. Isolates that formed no visible colonies on these aerobic spread plates and grew only in anaerobic agar roll rubes were considered obligate anaerobes. Obligately anaerobic isolates were subsequently purified by culturing serial dilutions in agar roll tubes and picking well-isolated colonies (10) .
Characterization of obligately anaerobic isolates. The Gram-staining reaction of all purified anaerobic isolates was observed by staining samples from young PYG broth cultures using smears of Escherichia coli 9002 and Staphylococcus aureus S-6 as controls. Cell size was determined from photomicrographs of wet mounts of 48-to 72-h cultures from PRAS PYG.
The peptone-yeast extract (PY) broth and carbohydrate concentrations used in fermentation tests were those described in the Anaerobe Laboratory Manual (9). Hungate screw-cap tubes with butyl rubber septa were used for all test media (12) . The sterility of the rubber septa in these tubes was maintained by capping the sealed tubes with stainless-steel 18-mm closures. All transfers were performed via syringes with 25-gauge needles inserted through the septa (12) . Five Cultures initially isolated by anaerobic means were tested for ability to grow aerobically, and 91% (194/213) of the cheddar cheese isolates and 100% (53/53) of the German hand cheese isolates were able to do so ( Table 1) . Few of the organisms present in cheddar cheese were sporeformers, since counts of heated samples were only 100 to 1,000/g. Only two isolates tentatively identified as obligate anaerobes were heat tolerant. Whether these were sporeformers could not be confirmed before they were lost in subculturing. Most importantly, a total of 17 obligately anaerobic isolates from cheddar cheese were recovered and purified. As for ground beef, no one medium, gas phase, or incubation temperature (30 or 37 C) was obviously superior for isolation of these organisms. Since the majority of the isolates (15/17) were picked from 10" or 10-7 dilution roll tubes, these isolates were present at a level of at least 106/g in samples of this cheese examined.
Replica plating of organisms isolated aerobically onto aerobic media followed by anaerobic incubation showed that 95% (208/220) of the cheddar cheese isolates were capable of facultative anaerobic growth. Of the aerobic isolates from German hand cheese, 79% (94/119) were capable of facultative anaerobic growth. When the same isolates were replicated onto aerobic media and then incubated aerobically, 92% (339/435) formed colonies.
Obligately anaerobic isolates. All 17 isolates were gram positive, although several organisms stained unevenly. Sixteen of the strains were rod shaped and coryneform in their morphology, with mean sizes ranging from 0.6 to 1.0 ,um in length. Of these, isolate number 91 was particularly pleomorphic, ranging from a rod to a coccal shape. The remaining isolate, number 69, was a coccal-shaped bacterium with a mean diameter of 1.0 ,am and occurred singly or in pairs.
All isolates, except numbers 69 and 124, remained obligately anaerobic on subculture. These two were obligate anaerobes upon initial isolation and for several weeks thereafter, but after four to five transfers they were able to grow aerobically in PYG broth or on PYG agar plates.
The ability of the anaerobic isolates to pro- 95  21  9  II  58  10  80  24  3  II  92  20  95  18  6  III  75  10  80  17  0  III  121  0  55  27  1  69  20  0  130  4  91  140  250  0  28  160  5  50  18  0 "Samples were prepared and analyzed by gas chromatography according to the methods described in the Anaerobe Laboratory Manual (9) .
b Values are 100 (number of milliequivalents/100 ml of culture broth).
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DISCUSSION
The obligately anaerobic bacteria examined were only the most numerous ones in the cheddar cheese, since they were from colonies picked from the highest dilution roll tubes. Thus, it is possible there were other anaerobic bacteria present as a smaller fraction of the total food microflora that could not be isolated by the procedure used here. This fraction in hamburger and German hand cheese perhaps was too small to permit isolation of any anaerobes. A second possibility is that few or no anaerobes were present in these two foods.
Isolate 69, the only coccal-shaped anaerobe found, is gram positive and similar in size and morphology to some streptococci. The carbohydrates fermented, biochemical activities, and compounds produced from glucose are quite similar to those listed for Peptostreptococcus evolutus in the 7th edition of Bergey's Manual (2) . The tendency of our isolate to become aerotolerant on subculturing also agrees with that description. Prevot (16) Pep- tostreptococcus. Because it grows fairly well in air after several passages and produces primarily lactic acid from glucose, it was recommended (18) that this organism be classified with Streptococcus. Unfortunately, the authors of the section on streptococci did not recognize this organism.
Fourteen of the other 16 obligately anaerobic isolates exhibited coryneform morphology and generally had the same size, Gram reaction, and biochemical test reactions as those described for the organism Propionibacterium acnes (3, 5, 9, 13) . Of the carbohydrates tested only the negative reaction for galactose disagrees with the typical fermentation pattern found for 72 strains of P. acnes by Pulverer and Ko (17) . However, it was reported (9) that galactose was not always fermented by strains of P. acnes. All our other test results for these 14 isolates are in general agreement with those described by these workers and those described for 324 strains of P. acnes in the 8th edition of Bergey's Manual (13 It is therefore not too surprising that we found a large number of P. acnes (106/g) in the cheddar cheese we examined. The propionibacteria we detected in the cheddar cheese likely became established by one of three mechanisms. These bacteria initially may have been present in fairly high numbers in raw milk and survived the pasteurization treatment given the milk prior to starter culture inoculation. A second possibility is that these organisms were introduced by direct human skin contact during the salting, milling, and handling of the curd prior to cheese aging. A third possibility is that there were initially present only a small number of these bacteria, and they increased to the high numbers observed only after cheese aging and curing when a favorable reduced oxidation-reduction potential was created by the growth of the other microflora present.
Strains of both P. acnes and S. evolutus isolated from clinical specimens have been implicated in various pathological processes (9, 16, 17) . However, these organisms when competing with the mixed microflora present in the cheddar cheese did not appear to exert any pathogenic effects on one of us (W.M.G.) who ate considerable amounts of this cheese.
The desirable changes anaerobes may exert 
